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The title compounds, 2-(4-{2-[(2-oxo-2H-chromen-4-yl)oxy]acetyl}piperazin-1-yl)acetamide, C 17 H 19 N 3 O 5 , (I), and N-(2,4-dimethoxybenzyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide, C 20 H 19 NO 6 , (II), are new coumarin derivatives. In compound (I), the six-membered piperazine adopts a chair conformation. The dihedral angles between the mean planes of the chromene ring and amide plane is 82.65 (7) in (I) and 26.2 (4) in (II). The dihedral angles between the mean planes of the chromene ring and the four planar C atoms of the piperazine ring in (I) and the benzene ring in (II) are 87.66 (6) and 65.0 (4) , respectively. There are short intramolecular contacts in both molecules forming S(5) ring motifs, viz. N-HÁ Á ÁN and C-HÁ Á ÁO in (I), and N-HÁ Á ÁO and C-HÁ Á ÁN in (II). In the crystals of both compounds, molecules are linked by N-HÁ Á ÁO hydrogen bonds, forming chains along [110] in (I) and [010] in (II). The chains are linked by C-HÁ Á ÁO hydrogen bonds, forming layers parallel to the ab plane in the crystals of both compounds. In the crystal of (I), there are also C-HÁ Á Á and offset -interactions [intercentroid distance = 3.691 (1) Å ] present within the layers. In the crystal of (II), there are only weak offset -interactions [intercentroid distance = 3.981 (6) Å ] present within the layers. The intermolecular contacts in the crystals of both compounds have been analysed using Hirshfeld surface analysis and two-dimensional fingerprint plots.
Chemical context
Coumarin and its derivatives represent one of the most active classes of compounds possessing a wide spectrum of biological activity. The synthesis, and pharmacological and other properties of coumarin derivatives have been studied and reviewed (Kumar et al., 2015; Kubrak et al., 2017; Srikrishna et al., 2018; Venugopala et al., 2013) . Many of these compounds have proven to be active as antibacterial, antifungal, anti-inflammatory, anticoagulant, anti-HIV and antitumor agents. One of the title compounds, 2-(4-{2-[(2-oxo-2H-chromen-4-yl)oxy]-acetyl}piperazin-1-yl)acetamide (I), has been shown to exhibit antimicrobial as well as antioxidant activity (Govindhan, Subramanian, Chennakesava Rao et al., 2015; Govindhan, Subramanian, Sridharan et al., 2015) . In view of the importance of their natural occurrence, biological activities, pharmacological and medicinal activities, and utility as synthetic intermediates, we have synthesized the title 2-[(2-oxo-2H- ISSN 2056-9890 chromen-4-yl)oxy]acetamide derivatives, and report herein their crystal structures and Hirshfeld surface analysis.
Structural commentary
The molecular structures of compounds (I) and (II) are illustrated in Figs. 1 and 2, respectively. In (I), the piperazine ring (N1/N2/C12-C15) is attached to the 2-[(2-oxochroman-4-yl)oxy]acetaldehyde moiety on atom N1 and to an acetamide moiety on atom N2. It has a chair conformation [puckering parameters: total amplitude Q = 0.561 (2) Å , = 0.67 (2) and ' = 149 (2) ], and is positioned anti with respect to the C-N rotamer of the amide. Nevertheless, because the asymmetry of the chromene residue, the anti conformation can assume a cis or trans geometry with respect to the relative position of the carbonyl O atom of the carboxamide and the C10-C11 and C16-C17 bonds. Both compounds exhibit a cis relation between these bonds, as can be seen in Figs. 1 and 2. This molecular conformation permits the formation of intramolecular hydrogen bonds (Tables 1 and 2) , which enhance the relative planarity of each compound. Specifically for each compound, as a result of the presence of the imidic nitrogen atom, the molecules display intramolecular N-HÁ Á ÁN and N-HÁ Á ÁO hydrogen bonds, between the amide nitrogen and the nitrogen atom N2 of the piperazine ring for compound (I), and oxygen atom O3 for (II), forming S(5) ring motifs. In addition, the carbonyl oxygen atom O4 acts as the acceptor for a weak interaction with a hydrogen bond of the exocyclic piperazine ring, forming a second S(5) ring motif in (I), and the amide nitrogen atom N1 acts as the acceptor for a weak interaction with a hydrogen bond of the exocyclic benzene ring, forming a second S(5) ring motif in (II). The values of the dihedral angles between the mean planes of the planar chromene ring system (O1/C1-C9; r.m.s. deviations = 0.008 Å for both compounds) and the amide plane (C10/C11/O4/N1) are 82.65 (7) and 26.2 (4) in compounds (I) and (II), respectively. In (I), the dihedral angle between the mean planes of the chromene ring and the four C atoms (C12-C15) of the piperazine ring is 87.66 (6) , while in (II) the benzene ring (C13-C18) is inclined to the mean plane of the chromene ring by 65.0 (4) . Atom O2 deviates from the coumarin ring mean plane by 0.051 (1) Å in (I) and À0.043 (9) Å in (II).
It is interesting to compare the intramolecular hydrogen bonding present in the title compounds with that of the The molecular structure of compound (II), with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. Intramolecular contacts (Table 2) are shown as dashed lines.
Figure 1
The molecular structure of compound (I), with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. Intramolecular contacts (Table 1) analogous 4-oxo-N-(substituted phenyl)-4H-chromene-2-carboxamides Gomes et al., 2013) . It can be seen that the effect of the 2/3 positional isomerism is to 'reflect' their relative positions while the effect of the cis/trans conformations is a 'twofold rotation' of the rings around the C amide -C chromene bond. These particular differences in conformation may condition the ability for docking when pharmacological activities are considered.
Supramolecular features
In the crystal of (I), molecules are linked by N3-H3AÁ Á ÁO4 i hydrogen bonds, forming chains along the [110] direction, see Fig. 3 and Table 1 . The chains are linked by C-HÁ Á ÁO hydrogen bonds, forming layers lying parallel to the ab plane ( Fig. 3 and Table 1 ). The C14-H14AÁ Á ÁO2
ii hydrogen bond generates an inversion dimer with an R 2 2 (22) ring motif; within the ring C8-H8Á Á ÁO2
ii and C10-H10BÁ Á ÁO2 ii hydrogen bonds link the molecules into R 2 2 (8) and R 2 2 (14) rings, respectively. These rings are linked by C(10) and C(7) chains formed via the C10-H10AÁ Á ÁO5
iii and N3-H3AÁ Á ÁO4 i hydrogen bonds, respectively. A C-HÁ Á Á interaction is also present within the layer (Table 1 ). An offset -contact between inversion-related chromene rings further stabilizes the crystal structure [Cg2Á Á ÁCg2 iv = 3.691 (1) Å , interplanar distance = 3.490 (1) Å , offset = 1.20 Å ; Cg2 is the centroid of the O1/C1-C9 ring; symmetry code: (iv) Àx + 1, Ày + 1,
In the crystal of (II), molecules are linked by N1-H1Á Á ÁO4 
Hirshfeld surface analysis
A recent article by Tiekink and collaborators (Tan et al., 2019) reviews and describes the uses and utility of Hirshfeld surface analysis (Spackman & Jayatilaka, 2009) , and the associated two-dimensional fingerprint plots (McKinnon et al., 2007) , to analyse intermolecular contacts in crystals. The various calculations were performed with CrystalExplorer17 (Turner et al., 2017 Table 1 Hydrogen-bond geometry (Å , ) for (I).
Cg1 is the centroid of the C1-C6 ring. 
Figure 3
A view along the c axis of the crystal packing of compound (I). The hydrogen bonds (Table 1) are shown as dashed lines, and H atoms not involved in hydrogen bonding have been omitted. Table 2 Hydrogen-bond geometry (Å , ) for (II). 
Figure 4
A view along the a axis of the crystal packing of compound (II). The hydrogen bonds (Table 2) 11.8% (Fig. 8d ). For compound (II), they reveal a similar trend, with the principal intermolecular contacts being HÁ Á ÁH at 41.8% ( Fig. 9b) and OÁ Á ÁH/HÁ Á ÁO at 32.4% (Fig. 9c) , followed by the CÁ Á ÁH/HÁ Á ÁC contacts at 16.7% (Fig. 9d) . In both compounds, the HÁ Á ÁH intermolecular contacts predominate, followed by the OÁ Á ÁH/HÁ Á ÁO contacts. However the CÁ Á ÁH/HÁ Á ÁC contacts are significantly different 11.8% cf. 16.7% for (I) and (II), respectively.
Database survey
A search of the Cambridge Structural Database (CSD, V5.40, update February 2019; Groom et al., 2016) for 2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide derivatives gave two hits. They include 2-[(2-oxo-2H-chromen-4-yl)oxy]-N-(1-phenylethyl)-acetamide (CSD refcode PUWMEB; Govindhan, Subramanian, Chennakesava Rao et al., 2015) and N-(3,5-dimethyladamantan-1-yl)-2-[(2-oxo-2H-chromen-4-yl)oxy]propanamide (SEFRAY; Rambabu et al., 2012) .
A search for linear and angular pyranocoumarin (psoralene class) structures gave 35 hits. They include four reports, CSD refcodes AMYROL [Kato, 1970: seselin (smyrolin) ]; AMYROL01 [Bauri et al., 2006; seselin (redetermination) ]; FUGVOS [Thailambal & Pattabhi, 1987: 2,3- 
, and a number of structures with various substituents at C3 and C4, many of which are natural products.
A CSD search found five coumarin ester structures with substituents at the 7 position (Ramasubbu et al., 1982; Gnanaguru et al., 1985; Parveen et al., 2011; Zhuo et al., 2014; Ji et al., 2017) . In these structures and those of meta-substituted coumarin esters (Abou et al., 2012 Bibila Mayaya Bisseyou et al., 2013; Zhang et al., 2014; Gomes et al., 2016; Ziki et al., 2016 Ziki et al., , 2017 , the pyrone rings all show three long (in the range 1.37-1.46 Å ) and one short (1.32-1.34 Å ) C-C distances, suggesting that the electronic density is preferentially located in the short C-C bond at the pyrone ring. This pattern is clearly repeated here with C1-C6 = 1.3883 (18) and 1.394 (11) Å , C6-C7 = 1.4538 (15) and 1.398 (12) Å , C7-C8 = 1.3444 (17) and 1.352 (12) Å and C8-C9 = 1.4338 (18) and 1.433 (12) Å .
Intramolecular C-HÁ Á ÁO short contacts similar to that observed in the title compounds were found in five compounds in the CSD: LISLAB, 1-(1-pyrrolidinylcarbonyl)cyclopropyl sulfamate (Morin et al., 2007) , PEQHAU, 2-[30-(400-chlorophenyl)-40,60-dimethoxyindol-70-yl]glyoxyl-1-pyrrolidine (Black et al., 1997) , QIBBEJ, [2-hydroxy-5-(2-hydroxybenzoyl)phenyl](pyrrolidin-1-yl)-methanone (Holtz et al., 2007) , SINHAZ, 2-methoxy-1-(1-pyrrolidinylcarbonyl)naphthalene (Sakamoto et al., 2007) and TAJDIR, (4S,5S)-4,5-bispyrrolidinylcarbonyl)-2,2-dimethyl-1,3-dioxolane (Garcia et al., 1991 
Synthesis and crystallization
Compound (I) To a solution of 1 equiv. of 4-(2-(piperazine-1-yl)ethoxy)-2H-chromen-2-one (1.0 g) in dichloromethane (10 ml) at 273-278 K were added triethylamine (0.7 g, 2.0 equiv.) followed by iodoacetamide (1.0 g, 0.5 equiv.), and the reaction mixture was stirred at the same temperature for 1 h. On completion of the reaction (monitored by TLC), the reaction mixture was diluted with dichloromethane and water (10 ml). The organic layer was separated and washed with brine solution. It was then dried over anhydrous sodium sulfate, filtered and then evaporated under reduced pressure giving compound (I) as a white solid, which was then washed with hexane and dried under vacuum. Colourless block-like crystals of compound (I) were obtained by slow evaporation of a solution in chloroform (4 ml) and methanol (1 ml). Compound (II) N,N-Diisopropylethylamine (DIPEA; 1.82 g, 3.1 equiv.) was added to a mixture of 2-(2-oxo-2H-chromen-4-yloxy)acetic acid (1.0 g, 1.0 equiv.), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI; 1.0 g, 1.2 equiv.), 1-hydroxybenzotriazole hydrate (HOBt; 0.61 g, 1.0 equiv.), 2,4-dimethoxybenzylamine (0.8 g, 1.0 equiv.) in N,N-dimethylformamide (5 ml) at 273-278 K. The temperature of the mixture was raised to ambient temperature and stirred for 8 h. Progress of the reaction was monitored by TLC (mobile phase: ethyl acetate/hexane). After completion of the reaction, the mixture was poured into ice-water and compound (II) was obtained as a white solid. It was then filtered, washed with hexane and dried under vacuum. Colourless block-like crystals of compound (II) were obtained by slow evaporation of a solution in chloroform (5 ml).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . For both compounds the H atoms were positioned geometrically and constrained to ride on their parent atoms: N-H = 0.86 Å and C-H = 0.93-0.97Å with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (N, C) for other H atoms. 
Computing details
For both structures, data collection: APEX2 (Bruker, 2008 ); cell refinement: SAINT (Bruker, 2008) ; data reduction:
SAINT (Bruker, 2008 ); program(s) used to solve structure: SHELXS2018 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: WinGX (Farrugia, 2012) , publCIF (Westrip, 2010) and PLATON (Spek, 2009 ).
2-(4-{2-[(2-Oxo-2H-chromen-4-yl)oxy]acetyl}piperazin-1-yl)acetamide (I)
Crystal data Extinction coefficient: 0.020 (4)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 0.0411 (7) 0.0344 (6) 0.0401 (7 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

N-(2,4-Dimethoxybenzyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (II)
Crystal data Extinction coefficient: 0.042 (15)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
